Purpose To determine the mean 24-h intraocular pressure (IOP) and mean ocular perfusion pressure (MOPP) characteristics of newly diagnosed, previously untreated, Caucasian, normal tension glaucoma (NTG) patients and to identify relationships between these features and visual field (VF) loss at diagnosis. Methods Consecutive newly diagnosed NTG patients underwent 24-h habitual IOP and blood pressure (BP) monitoring. Parameters from pooled measurements obtained in the sitting (0800-2200 hours) and supine (1200-0600 hours) positions were compared and associations were sought with VF mean deviation (MD) and pattern standard deviation (PSD). Results Sixty-two Caucasian NTG patients (24 men and 38 women) successfully completed circadian IOP and BP monitoring. In habitual position, 8 subjects (12.9%) exhibited a diurnal acrophase, 42 subjects (67.7%) demonstrated a nocturnal acrophase, one subject (1.6%) showed a flat rhythm and 11 patients (17.7%) revealed a biphasic/ polyphasic rhythm. Nighttime MOPP values (supine position) were significantly greater than diurnal values (sitting position); (Po0.001). No association could be demonstrated between glaucomatous damage, as indicated by VF parameters, and either mean habitual 24-h IOP (P = 0.20 and P = 0.12 for MD and PSD, respectively), or habitual 24-h MOPP (P = 0.96 and 0.29, for MD and PSD, respectively).
Introduction
Glaucoma comprises a multifactorial disease characterized by loss of retinal ganglion cells that leads to a distinctive optic neuropathy and associated visual field (VF) loss. 1 The precise pathogenesis of open-angle glaucoma remains to be elucidated, but elevated intraocular pressure (IOP) is considered the principal risk factor for the development and progression of glaucomatous neuropathy. 1 Currently, meaningful lowering of IOP is the only available therapeutic strategy in glaucoma. 1,2 Importantly, recent evidence suggests that 24-h IOP characteristics may have an important role in the long-term prognosis of glaucoma. [3] [4] [5] [6] With the advent of large, well designed, population-based epidemiological studies it became apparent that a significant proportion of open-angle glaucoma cases presents with glaucomatous neuropathy and an IOP within the so called normal range (21 mmHg or less, ie, below the statistical upper limit of normal range). 7, 8 Most, but not all, clinicians consider normal tension glaucoma (NTG) a distinct clinical entity. 9, 10 It has been demonstrated that NTG patients are characterized by a pattern of VF damage closer to the fixation as compared with high-pressure glaucoma and that, within a NTG population, patients with IOP at, or below 15 mmHg exhibit a significant higher risk for retinal nerve fibre layer defects closer to fixation. 9, 10 It is well documented that a proportion of treated openangle glaucoma patients continue to deteriorate despite a statistically significant and clinically meaningful IOP reduction. 7, 11 It may be that in these cases other pressureindependent factors are contributory. Several clinical trials have demonstrated the role of vascular factors as part of the multifaceted pathogenesis of open-angle glaucoma. [12] [13] [14] A parameter that has been strongly associated with glaucoma prevalence and progression is ocular perfusion pressure (OPP). [15] [16] [17] [18] [19] [20] [21] [22] More specifically, evidence has highlighted the role of reduced OPP in the incidence, 16 prevalence, [17] [18] [19] [20] [21] [22] and progression of glaucomatous neuropathy 15 in several ethnic groups. Particularly in NTG, increased OPP fluctuation has been linked to the severity of disease at diagnosis 23 and the subsequent risk of progression. [24] [25] [26] [27] At present there is lack of consensus on the 24-h IOP characteristics of NTG patients. [28] [29] [30] [31] [32] [33] Some investigators report that peak IOP in NTG occurs at nighttime. 31, 33 Others, however, disagree suggesting that most NTG patients exhibit their peak 24-h IOP at daytime. 30, 34 Besides differences in study design and populations, a further reason for such discrepancies in the literature may stem from the fact that systemic medications (prescribed for cardiovascular conditions) can meaningfully influence circadian IOP and OPP rhythm. 35 Importantly, to date most evidence pertaining to the circadian IOP and OPP characteristics of NTG patients is limited to Asian cohorts. The current study was therefore set out to determine the 24-h IOP and OPP characteristics of newly diagnosed, previously untreated Caucasian NTG patients who were not using systemic vasoactive medications. We also wished to identify any relationship between these characteristics and VF loss parameters at diagnosis.
Materials and methods

Patients
This cross-sectional, observational study adhered to the tenets of the Declaration of Helsinki. The participants gave informed consent after the nature and purpose of the trial were fully explained.
The study recruited consecutive, newly diagnosed, previously untreated NTG patients aged 440 years who were referred to the Centre for the Study of Glaucoma of the Ophthalmology Department, University of Brescia, Brescia, Italy. The diagnosis of NTG was confirmed by a glaucoma expert after a comprehensive examination that involved a structured ocular and systemic history taking and evaluation of Snellen visual acuity, slit lamp examination, Goldmann applanation tonometry (GAT), gonioscopy, dilated fundoscopy, corneal pachymetry and reliable VF testing (Humphrey 24-2, Humphrey Field Analyzer (HFA), Humphrey Instruments, San Leandro, CA, USA). Sitting GAT readings had to be o22 mmHg in two independent measurements~1 h apart during office hours in both eyes. To be considered consistent with the diagnosis of glaucoma, VFs had to meet at least two of the following criteria: (1) a cluster of at least three non-edge points with a probability o5% on a pattern deviation map including at least one point with a probability o1%, or a cluster of two non-edge points with a probability o1%, (2) pattern standard deviation (PSD) outside 95% of normal limits, and 3) glaucoma hemifield test (GHT) outside normal limits. We included only NTG patients with reliable VFs (defined as VFs with false-positive responses fewer than 15% and a clear blind spot seen in the printout).
Exclusion criteria for ocular conditions were: history or signs of ocular inflammation, previous intraocular surgery, severe dry eye, corneal conditions, or other anatomical abnormalities preventing reliable tonometry, and the use of any topical medication except artificial tears. Exclusion criteria for systemic conditions were: diseases that could affect the optic nerve such as intracranial neoplasm, multiple sclerosis, diabetes mellitus, or the use of any systemic vasoactive medication within a period of 2 months before evaluation.
Procedures
Study subjects were admitted for an inpatient 24-h habitual IOP curve in the afternoon of day 1. The same calibrated Goldmann tonometer (Haag-Streit, Bern, Switzerland) was employed to measure IOP every 2 h starting at 8 AM (±30 min) in Day 2. During the night, a calibrated TonoPen tonometer (TonoPen XL; Bio-Rad, Glendale, CA, USA) was used for the 0000, 0200, 0400, and 0600 hours measurements, which were carried out in the supine position before the patient was taken to a nearby examination room for a subsequent Goldmann tonometer measurement. The same well-trained investigator performed all IOP measurements in each patient using the same calibrated Goldmann and TonoPen tonometers. The mean of three consecutive readings was used for analysis. To ensure that the 24-h systolic and diastolic blood pressures (SBP, DBP) measurements would not be unduly influenced by the circadian IOP measurements during hospitalization, automated dynamic BP evaluation was performed after the IOP measurements were completed. Thus, in the morning of Day 3, patients were discharged from the hospital wearing an ambulatory BP monitoring device (TM-2430, A&D Co., Saitama, Japan) on their nondominant arm programmed to measure 24-h BP. This device relies on the same principle as a conventional mercury sphygmomanometer and uses an appropriately 24-h characteristics of normal tension glaucoma L Quaranta et al
1482
Eye sized cuff and a microphone to determine BP automatically. Measurements were taken every 15 min from 0800 to 2200 hours, and every 30 min from 2200 to 0800 hours. The device was programmed to repeat BP measurements if they were not accurately recorded. All data were later recovered from the recording chip and were stored on a personal computer. The investigator who performed the IOP measurements and collected the BP data was masked to the patients' glaucoma severity and VF results.
Data assessment
To calculate 24-h, diurnal and nocturnal IOP and BP parameters, data were averaged over the 24-hour period, the 0800-2200 hours period and the 1200-0600 hours period, respectively. Habitual position parameters were estimated from pooled measurements in the sitting position from 0800-2200 hours and the supine position from 0000-0600 hours. Figure 2 . Supine IOP was always statistically higher than sitting IOP at each time-point (Po0.0001). Distinct patterns of time-dependent IOP peaks (ie, acrophases) were identified in our cohort. In the seated position, 38 NTG cases (61.3%) showed a diurnal acrophase, 8 cases (12.9%) exhibited a nocturnal acrophase, 4 cases (6.4%) had a flat rhythm (ie, a minimal difference between peak and trough IOP of less than 2 mmHg), and in 12 cases (19.3%) a biphasic, or polyphasic rhythm was observed Figure 3 . It is worth noting that in our NTG group there was no statistical association between glaucomatous damage as indicated by VF parameters MD and PSD and either mean habitual 24-h IOP (P = 0.20 and P = 0.12 for MD and PSD, respectively) or habitual 24-h MOPP (P = 0.96 and 0.29, for MD and PSD, respectively). Further, no correlation could be established between 24-h habitual IOP or MOPP fluctuation (determined as the SD of readings) and VF MD (P = 0.45 and P = 0.22 for 24-h habitual IOP and MOPP, respectively) or PSD (P = 0.80 and P = 0.75 for 24-h habitual IOP and MOPP, respectively). Similarly, no significant correlation was detected between peak 24-h habitual IOP or MOPP and VF MD (P = 0.26 and P = 0.88 for peak 24-h habitual IOP and MOPP, respectively) or PSD (P = 0.31 and P = 0.18 for peak 24-h habitual IOP and MOPP, respectively). Finally, no correlation was detected between trough 24-h habitual IOP or MOPP and MD (P = 0.18 and P = 0.58 for trough 24-h habitual IOP and MOPP, respectively) or PSD (P = 0.49 and P = 0.85 for trough 24-h habitual IOP and MOPP, respectively).
Discussion
Our study describes the 24-h IOP and MOPP characteristics of a large, newly diagnosed, treatmentnaive cohort of Caucasian NTG patients. Previously, several investigators had investigated these parameters in Asian NTG patients 29, 33 or in smaller group of Caucasian patients. 34 What is novel in this study is that we describe, for the first time, the circadian IOP and MOPP in a meaningful sample of Caucasian NTG patients who were not using vasoactive systemic medications. This may be relevant because previous evidence has demonstrated 
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L Quaranta et al that systemic vasoactive medications influence IOP. 35 Importantly, medication-induced alterations in systemic BP can adversely influence MOPP. Several studies have linked such hemodynamic alterations to the development and subsequent progression of glaucoma. [15] [16] [17] [18] [19] [20] [21] [22] 24, 25 In our NTG cohort, IOP readings at night were higher in the supine than the sitting position. Elevated supine IOP can be attributed to the effect of increased episcleral pressure in the supine position. 38 Interestingly, this is in contrast to the findings of our previous study 39 with untreated POAG and OHT subjects. Nevertheless, it is important to note that the IOP differences observed between supine and sitting IOP were smaller than those reported by some previous investigators. 33, 34, 38 It is also important to highlight that although mean habitual 24-h IOP is higher at night in our NTG patients, four distinct patterns of IOP rhythm were observed: 13% of our NTG patients had a diurnal acrophase, 68% had a nocturnal acrophase, 2% had a flat rhythm and 17% had a biphasic/ polyphasic rhythm.
Our findings in Caucasian NTG patients are quite similar with those reported in Asian NTG patients by Lee et al. 33 These authors conducted an in-hospital 24-h study with Korean newly diagnosed, untreated NTG patients and observed that the percentages of patients with a diurnal, nocturnal, or no apparent acrophase in the habitual position were 16, 51 and 33%, respectively. 33 These figures are similar to ours in the habitual position (13, 68, 19% , for diurnal, nocturnal and no particular rhythm, respectively). In contrast, in the first study with untreated Caucasian NTG patients performed in a sleep laboratory, Renard et al 34 observed that the proportion of their patients with habitual diurnal and nocturnal acrophases was 54.5 and 36.4%, respectively. 34 However, it should be emphasized that differences in methodology, patient selection and varied definitions of 'nocturnal' and 'diurnal' periods make comparisons between available 24-h studies somewhat difficult.
The present study did not identify a significant relationship between the severity of VF damage at diagnosis and 24-h IOP parameters in this group of NTG 24-h characteristics of normal tension glaucoma L Quaranta et al patients. To date there has been limited published correlation between the severity of VF damage and 24-h IOP parameters in NTG patients. The investigators of the Low-Pressure Glaucoma Treatment Study could not detect a relationship between any Goldmann-determined diurnal IOP characteristic and VF MD, or corrected PSD at baseline in their NTG patients. 40 Similarly, no relationship between 24-h IOP parameters and VF indices was found in a large series of Korean NTG patients. 33 One possible explanation for the lack of such an association is that 24-h IOP characteristics are not related to glaucoma damage in NTG and thus the VF damage is pressure independent. Another potential explanation is that the magnitude of 24-h IOP characteristics (mean, peak, trough and fluctuation) in our NTG patients is relatively small, and therefore it may be harder to detect any effect, if such a relationship does exists. Besides, it should be stressed that important factors unrelated to the glaucoma process itself, such as socioeconomic status or health care access, might be critical determinants of glaucoma damage at presentation. To assess the impact of baseline IOP and OPP characteristics in our cohort, a longitudinal study would be needed.
The mean 24-h SBP and DBP of our NTG group were 127.7 and 75.9 mmHg, respectively. Our BP data concur with those reported in a NTG cohort of 132 Korean patients. 23 Furthermore, the 24-h MAP documented in our cohort (93.2 mmHg) is fairly similar to the 24-h MAP (94.7 mmHg) reported by Renard et al 34 in another group of Caucasian NTG patients.
There is on-going discussion on the precise role and impact of nocturnal systolic BP reduction ('dipping') in glaucoma and especially NTG patients. 41 Approximately two-thirds of the normal population are believed to exhibit a physiological nocturnal BP reduction, 42 conceivably elicited by a nocturnal reduction in sympathetic activity. Non-physiological dippers (ie, nondippers and over-dippers) may be at increased risk for cardiovascular morbidity. 37, 43 Previous research suggests that NTG patients may exhibit exaggerated nocturnal BP decreases. 44 Furthermore, a greater reduction in nocturnal diastolic BP has been linked to glaucoma progression. 45, 46 Recently, Charlson et al 47 in a prospective longitudinal 24-h characteristics of normal tension glaucoma L Quaranta et al study of treated NTG patients estimated that the total time in which nocturnal MAP was 10 mmHg below daytime MAP was a reliable predictor of VF deterioration. In the present study, B20% of our NTG patients exhibited a normal nocturnal SBP reduction (5-10%), while 48% showed a marked SBP reduction (410%). These results are in agreement with those reported by Choi et al 23 in Korean NTG patients. In this study, non-dippers (defined as patients with nighttime SBP reduction o5%) and reverse dippers (showing a nighttime elevation of SBP) were collectively classified as non-physiological dippers and constituted 31% of the NTG cohort under investigation. 23 Equally in our NTG group, the cumulative percentage of mild dippers and non-dippers was 32%. As different cutoffs have been used by some investigators 27, 34 for the classification of dipping status in NTG, comparisons across studies should be drawn with caution. Besides IOP, it is widely agreed that MOPP is implicated in glaucoma development and progression. 3,48 A significant body of literature has linked low ocular perfusion pressure to the incidence, 16 prevalence, [17] [18] [19] [20] [21] [22] and progression of open-angle glaucoma. 15 For example, the population-based Egna-Neumarkt study found an increased risk of glaucomatous damage for Caucasian POAG (but not NTG) patients with DOPP lower than 70 mmHg. 19 Had we employed the same formula as Bonomi et al 19 (DOPP = DBP − IOP) in our cohort with untreated NTG patients, the mean habitual 24-h DOPP would have been 61.2 mmHg and the nocturnal DOPP 55.7 mmHg. Previous research has suggested that large perfusion pressure fluctuation in NTG patients is associated with disease severity at diagnosis. 23 In their retrospective chart review, Choi et al 23 observed that large MOPP fluctuations were significantly associated with a number of functional (eg, VF MD, PSD, and AGIS score) and structural parameters (polarimetric indices) of glaucomatous damage. 23 In our investigation, however, there was no direct link between perfusion pressure fluctuation and VF damage parameters. Several reasons may account for this inconsistency. In contrast to that study, our trial excluded patients on antihypertensive, or other vasoactive medications. In addition, differences in ethnicity, sample size, formulae selection, and study design may have a role. On the other hand, our findings are in agreement with those obtained in a Caucasian cohort by Renard et al 34 who did not observe an association between ocular perfusion pressure and the severity of NTG.
The present investigation has certain limitations. As all participants were Caucasian, the results may not apply to other ethnic NTG populations. As by design enrolled subjects were treatment-naive and were not on systemic vasoactive medication, this cohort may significantly differ from the typical NTG patient encountered in clinical practice. Third, in common with all similar studies, the calculation of MOPP is based on a theoretical formula that may not necessarily describe true ocular perfusion levels at the level of the eye. Therefore, these calculated parameters represent a surrogate of true ocular perfusion pressure. Finally, our investigation did not have a control group. Thus, it is not fully clear to which extent our observations represent NTG-specific characteristics.
In conclusion, our study evaluated the 24-h IOP and MOPP characteristics of a large cohort of treatment-naive, Caucasian NTG patients. Most patients in this cohort exhibited a nocturnal IOP acrophase when their ocular pressure was evaluated in the habitual position. This trial could not establish a link between circadian IOP, or 24-h MOPP characteristics and VF damage at diagnosis. Further research is needed to elucidate how diurnal or 24-h IOP and OPP parameters can be incorporated in current clinical decision-making algorithms.
Summary
What was known before K Previously, several investigators had investigated these parameters in Asian NTG patients or in smaller group of Caucasian patients.
What this study adds K What is novel in this study is that we describe, for the first time, the circadian IOP and MOPP in a meaningful sample of Caucasian NTG patients who were not using vasoactive systemic medications.
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